ABSTRACT
A s more people golf, golf-related injuries have become more prevalent, even in amateur golfers. [1] [2] [3] Golf-related injuries are caused by either overuse or mechanical trauma, with most neurologic injuries being confined to the vertebral column. 3 Several case series of cervicocranial artery dissection associated with golf playing have been reported recently and referred to as "golfer's stroke." [3] [4] [5] [6] Previous case studies have reported cervical artery dissection associated with sudden hyperextension or rotation of the neck, including painting a ceiling, coughing, vomiting, sneezing, receiving anesthesia, and during cardiopulmonary resuscitation. [7] [8] [9] Cervical artery dissection caused by physical activity represents a coincidental environmental trigger, and certain risk factors such as connective tissue disorders or hyperhomocysteinemia are associated with this type of injury. 10 Because the golf swing is a habitual body motion that includes rapid head and body rotation, it may lead to repetitive mechanical compression of the extracranial cervical arteries during each swing. 2 We investigated the clinical characteristics and radiologic findings in patients with golf-related stroke from cervicocranial arterial dissection.
MATERIALS AND METHODS
We retrospectively analyzed computerized data of a prospective registry that included 5469 patients with ischemic stroke from March 2001 to June 2011. Seven patients had a history of acute ischemic stroke caused by cervicocranial arterial dissection associated with golfing. Acute ischemic stroke was confirmed by diffusion-weighted MR imaging of the brain. All patients underwent a battery of diagnostic studies, including intracerebral and extracerebral vessel studies, routine blood tests, and a cardiologic work-up (electrocardiogram, transthoracic echocardiography, 24-hour Holter monitoring). Comorbidities and autoimmune markers were investigated to exclude underlying vasculopathy. Various auto-antibody screening tests such as rheumatoid factor and antinuclear, antiphospholipid, and antineutrophil cytoplasmic antibodies were analyzed. In addition, a MEDLINE search was performed from 1990 to December 2010 by use of the search terms "golfer's stroke," "golf-induced stroke," and "golf-induced dissection." This study was approved by the local institutional review board of the hospital. We investigated general demographics, personal history of golf playing, handedness, situations at symptom onset, neuro-logic signs and symptoms, treatment, and clinical outcomes. We also analyzed radiologic findings such as stroke location (anterior or posterior circulation), side of arterial dissection (right, left, or both), and anatomic location of the dissection (extracranial or intracranial). Status at symptom onset was classified as during swing, after golf exercise, and unknown. Clinical outcome was categorized as returned to normal (mRS ϭ 0 -1), independent (mRS ϭ 2-3), dependent (mRS ϭ 4 -5), and death (mRS ϭ 6) at discharge. 11 Differences between the stroke location, side of dissection, and anatomic location of the dissection were analyzed by use of the 2 test. Statistical significance was considered at P Ͻ .05.
RESULTS
Fourteen male patients were examined. The demographic and clinical-radiologic findings are provided in the On-line Table. The mean age of the patients was 46.9 Ϯ 12.8 years, which was younger than that of the general stroke population. Seven patients were right-handed. Of the 7 patients, 2 were professional golfers with 15-17 years of experience, and the remaining patients were amateur players with playing experience for approximately 7 years (range, 0.1-30 years). None of the patients had a history of hypertension, diabetes, or autoimmune disorder. Symptom onset occurred during the golf swing (n ϭ 9), at an unknown time (n ϭ 3), or after golf playing (n ϭ 2). Twelve patients had posterior circulation symptoms such as vertigo, nystagmus, and body tilting. Eight patients had localized pain at symptom onset. A potential source for vasculopathies and cardioembolic stroke was excluded from laboratory and cardiologic studies.
The location of arterial dissection was confirmed by cerebral angiography (n ϭ 11), MR angiography (n ϭ 2), and Doppler ultrasound (n ϭ 1). The imaging studies revealed that 12 patients had involvement of the vertebral artery (VA) and 2 patients had ICA involvement (P ϭ .008). Nine patients had arterial dissections on the right side, of which 2 had ICA involvement; 3 had left side involvement; and 2 had bilateral lesions (P ϭ .046). There were 12 extracranial and 2 intracranial cases (P ϭ .008). Normal activity was possible in 7 patients, but the other cases revealed 5 independent patients and 1 death (On-line Table) . Radiologic findings (stroke location and dissection focus) of our 7 cases are shown in Fig 1. 
DISCUSSION
Our study illustrates that arterial dissection from golf-related stroke was more likely to be on the right side and predominantly in the extracranial vertebrobasilar system. This preference may be explained by the anatomic vulnerability of the vertebrobasilar system and the biomechanics of the golf swing.
Recent studies on ethnic differences in spontaneous vertebral artery dissection have shown that intracranial dissection is more common than extracranial dissection in East Asian populations. 7 Our study of golf-related vertebral artery dissection shows that extracranial involvement is more frequent than intracranial involvement. As compared with either their intracranial segments or extracranial arteries of similar caliber, greater mobility of the extracranial segments of the carotid and vertebral arteries leads to increased susceptibility for injury by surrounding hard structures including bones, ligaments, and contracted muscles. 6, 8 Even with an external elastic lamina and a thickened media in the extracranial arteries, various studies have found that the atlantic (V3) portion of the vertebral artery is susceptible to VA dissection during trauma. 8 This V3 portion is exposed without the support of bony structures and rotates freely during inadvertent head movement. Extracranial vertebral artery dissection has also been reported in patients who have undergone chiropractic manipulation, fixed neck posture caused by long-lasting surgery, or chest compressions during cardiopulmonary resuscitation. 9, 10 In addition, dynamic imaging studies show that the VA is compressed and even occluded at the extracranial portion during contralateral head rotation. 12, 13 These reasons support direct mechanical injury of the extracranial vessels as the etiology for golf-related stroke.
VA injuries during sports activities with repetitive neck movement have been reported in yoga, tennis, volleyball, judo, bowling, and wrestling. 3, 14, 15 Most sports-related vessel damage is caused by dissection or thromboembolism. 3 A similar case of right VA dissection associated with unidirectional stereotypical movement was reported in a right-handed archer and is known as "bow hunter's stroke." 15 As compared with other sports, the golf swing is a high-speed, unidirectional, stereotypical rotational movement. Force is proportional to mass and acceleration of an object, as stated by Newton's second law. Torque (: torque) is a moment of force in rotating movement, and its magnitude depends on the length of the lever arm (r: length) and the force (F: force). Therefore, the driving torque of the golf swing is calculated as the cross-product of the distance and force, which tends to generate rotation, as expressed in the following equation: ϭ r ϫ F. 16 Our patients were all right-handed. In a right-handed swing, the central axis (hub) of the right leg during the back swing is changed to the left leg because of the body-weight shift from right to left to obtain forceful impact of the ball. As compared with the left VA, the right VA is more distant from the central axis during the body-weight shift and receives a greater torque during the golf swing. This swing trajectory also causes repetitive mechanical stress to the adjacent tissues including muscles, ligaments, and This gives the right shoulder (R to RЈ) a longer arch compared with the left shoulder (L to LЈ). In the same setting of force (F), the right VA receives a greater torque () than does the left VA because it has a longer distance (r) from the central axis (dotted line). The anatomic preference for this specific stroke syndrome can be explained by a momentary high torque ( ϭ r ϫ F) during body-weight shift and forceful rotation of the body and neck.
vessels. 6 The increased stress of neck muscles adjacent to the right VA can lead to vessel injury by acting as a hammer when a golfer has greater torso-pelvic separation, misses the shot, or has insufficient warm-up. 17 In the present study, symptoms occurred during the golf swing in many of the cases (On-line Table) . 18 Our 2 professionals and 1 player with low handicap self-reported attempts to maximize torso-pelvic separation to get more distance. From this perspective, a right-sided preference for this specific type of stroke can be explained by a momentary high torque status in relation to the forceful hitting phases (downswing, impact, and follow-through) and an anatomic vulnerability at the hypermobile portion of the right VA (Fig 2) .
Our study has several limitations. Given the small number of patients with golf-related stroke in this study, investigations with more cases are needed for a balanced interpretation. Moreover, the handedness of half of the patients was unknown despite the significant association with the laterality of the golfer's stroke. Finally, video analyses of swing phases were not investigated in a biomechanical laboratory. Five cases (36%) had no relationship with the direct golf swing even though the mechanical injury was suspicious for the development of arterial dissection during the swing.
CONCLUSIONS
Golf-related craniocervical arterial dissection occurs most often in the right extracranial vertebrobasilar system. Possible mechanisms are high mobility of the extracranial portion of the VA against a head rotation and mechanical injury to the respective vessels associated with high-speed, unidirectional, and stereotypical body rotation. Future studies are required not only to investigate detailed observations of the swing phase but to focus on other nonmechanical factors such as insufficient warm-up and incorrect posture.
